This study aims to identify the species of leafcutter ants, the infestation rate and the spatial distribution of anthills in forest plantations in Alta Floresta-MT. The samples were collected in five plots, with I and II being a Eucalyptus urophylla × Eucalyptus grandis hybrid plantation, III a consortium of Brazil nuts (Bertholletia excelsa) and rubber tree (Hevea brasiliensis), IV and V plots of Tectona grandis. The size of the anthills were measured, obtaining the area in square meters of loose ground, were classified into size classes I: ≤ 1 m 2 ; class II: 1.1 to 2.9 m 2 ; class III: 3 to 8.9 m 2 ; class IV: 9 to 25 m 2 e class V: > 25 m 2 . To calculate dispersion, the Dispersion (DI) and Morisita Index (IϬ) were used. Only one species was observed in all plots (Atta sexdens rubropilosa Forel, 1908). 838 nests were mapped in the five sampled plots, the total average density of anthills found in the plots was 26 anthills/ha. The average total area of loose soil occupied by anthills was 590.05 m 2 , the distribution of anthills between size classes showed 86.87% disproportion with the anthills in class I. The distribution of the anthills in the five plots that were evaluated were of the aggregate type, following the Morisita Index and the Dispersion index.
Introduction
With the growing demand for timber and the decrease in the exploitation of native forests, forest plantations have become an important source of wood products. According to FAMATO (2013) in recent years, native logging showed a drop in the production of charcoal, firewood and roundwood in the country of 47%, 14% and 14%, respectively. In contrast, production in forestry showed growth in all modes, and 8% for charcoal, 32% for firewood and 20% for roundwood, the latter being divided between pulp and paper and other uses. The fact is that forest plantations are a renewable source of raw material with rapid growth, and each year its cultivation is increased in Brazil and in the State of Mato Grosso (FAMATO, 2013) .
According to Costa et al. (2014) , for the control of this insect pest, the most used method is the granulated bait based on fipronil and sulfluramide. They are widely used due to their practicality; however, inadequate application can cause major problems, such as resistance to this active ingredient in the bait.
Considering that the north of Mato Grosso shows increasing forest areas, mainly in planting Tectona grandis and Eucalyptus spp., the knowledge of leafcutter species associated with these crops is essential, especially for management measures and control of this important group of forest pests.
This work aims to identify the species of leafcutter ants, the infestation rate and the spatial distribution of anthills in forest plantations in the southern amazon in Alta Floresta, Mato Grosso, Brasil. In this context, the following hypotheses were tested: (i) There is a predominance of Atta genus in the region and (ii) In eucalyptus plantations there is a greater occurrence of leaf-cutting ants.
Material and Methods
The survey realized in this study was conducted in five plots from four forest species. Two plots (I and II) being a Eucalyptus urophylla × Eucalyptus grandis hybrid plantation, located at the Brasil Tropical Pisos company, located on highway MT 208, 15 km from the city of Alta Floresta-MT. Plot III belongs to a forest planted in consortium of Bertholletia excelsa (Brazil nut) and Hevea brasiliensis (rubber tree), located on highway MT 208, 10 km from Alta Floresta, on the Dois irmãos farm. Plots IV and V are Tectona grandis (Teak), belonging to IDC farm, located on highway MT 010, with a distance of 27, 22 km from Alta Floresta.
The Municipality of Alta Floresta is located in the northern state of Mato Grosso, with an altitude of 283 m. The climate is Am type with two distinct seasons, rainy summer and dry winter, the annual average temperature is around 26 °C, and the average annual rainfall is in the 2800-3100 mm range, according to the Köppen classification for Brazil (Alvares, Stape, Sentelhas, Gonçalves, & Sparovek, 2014) . To analyze the distribution of anthills and identify the species of leafcutter ants, a census of all the ant colonies present in the evaluated areas was conducted. After identifying each hive, the apparent dimensions of these were obtained (greater length × greater width). The anthills were georeferenced using GPS, and samples were collected for the identification of ants (a soldier in a worker).
For size classification of anthills, the length of the major axis is multiplied by the larger width, and thus the anthill area in square meters was obtained. The size classes were established according to Caldeira, Zanetti, Moraes, and Zanuncio (2005) The total number of sections/plots, the total number of anthills/plot, the mean and variance of the total number of anthills were used to calculate the spatial distribution per plot using the dispersion index (DI). According to Davis (1993) , the index has the following spatial distribution criteria: I = 1, random distribution; I > 1, aggregated distribution; I < 1, regular distribution.
The dispersion index (ID): was obtained by Equation 1:
Where: S 2 = sample variance, X = average anthill/plots number.
Along with the Dispersion Index to determine the spatial distribution of ant colonies, the Morisita index (IϬ) was also calculated (Morisita 1959 ). This index is widely used, because according to Barros and Machado (1984) , it is little influenced by the size of the sample unit, and also has the advantage of being relatively independent of the average and the number of samples.
The Morisita index ( ): was determined by Equation 2:
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anthill was found
The total a anthills/ha Table 1 . According to the data presented in Figure 1 , Class V showed a low concentration of anthills, but most of the average area of loose soil was 590.05 m 2 /ha, unlike classes II and III with low loose soil content compared with the other classes. Plots I and II, with Eucalyptus forest, showed a significant number of anthills/ha, the first plot having 50.7 anthills/ha, the second plot having 60.9 anthills/ha.
Most anthills identified in the study areas were found in Class I with 302 anthills in the first plot and 318 in the second, as shown in Figure 1 . However, the other classes presented few anthills in the first and second plot, class II with 2 and 8 anthills, class III with 4 and 12 anthills, class IV with 11 and 7 anthills and finally class V with 6 anthills.
The consortium between Brazil nuts and Rubber trees (plot III) had 128 anthills, well below the number found in plots I and II, the average was 15.1 anthills/ha. Although with the greatest prevalence occurring in class I with 67% of anthills, class V reaching the highest values (8.5% of anthills), totaling an average of 43.79 m 2 of loose soil occupied by anthills.
Plots IV and V, with a Tectona grandis plantation, showed differences in the anthill distribution patterns by classes when compared to other plots, which were not found in class II anthills. Caldeira et al. (2005) in studies in Minas Gerais evaluating spatial distribution of anthills, also noted that the last class had low percentage of leafcutter anthills but accounted for most of the average area of loose soil of 95.2 m 2 /ha.
The distribution of nests in the five plots evaluated was of the aggregate type as shown in Table 2 . Note. Iб = 1, the distribution is random; When Iб > 1, distribution is of the aggregate type and when Iб < 1 indicates a regular distribution (Morisita 1962) . For the dispersion index, ID < 1, regular dispersion, ID = 1, random dispersion, ID > 1, aggregated dispersion.
As noted in Table 2 , there was a predominance of aggregate distribution of Atta sexdens rubropilosa anthills. For there to be an aggregate pattern in the plots, some factors influence the distribution of anthills in the areas, the high presence of grasses observed in all evaluated plots may be hindering the formation of anthills.
Discussion
In this study the hypothesis of the prevalence of the Atta genus in the region was confirmed, demonstrating further that sauva lemon (Atta sexdens) is the species with the highest occurrence. According to Souza, Anjos, Cordeiro and Mourão (2009) Atta sexdens, is a species of leafcutter ant of great economic importance for forage plants of forest crops. The lemon ant has been registered in ten Brazilian states, cutting leaves in more than 30 species of trees. Silva and Ukan (2015) , evaluating spatial distribution of leafcutter ants in a forest plantation of Eucalyptus benthamii in the municipality of Irati -PR, found during the survey 51 anthills in activity in the area of 1 ha. Of these, 35 were identified as the Acromyrmex genus.
These data confirm the presence of these insects in the reforestation of various regions, its kind of diversity being associated with conditions of places of occurrence. In this study for example, the presence of the Acromyrmex genus was not found in any of the five plots evaluated. Regarding the occurrence of ants, planting with eucalyptus had a large number of ant hills per hectare. However, it was similar to the Bertholletia excelsa e Hevea brasiliensis consortium, rejecting the hypothesis of eucalyptus plantations to present a higher occurrence of ants in this region. Lasmar, Zanetti, Santos, and Fernandes (2012) evaluating the use of geostatistics to determine the distribution rate and spatial infestation of leafcutter ants nests in eucalyptus plantations in the Paraopeba region, Minas
Gerais, found that the number of Atta spp. anthills found in eucalyptus plantations was 190.3/ha and the loose soil area was 401 m 2 /ha.
In a plantation with 10 Eucalyptus urophylla crops in the region of Montes Claros-Minas Gerais, there was loose soil area of 33.8 m 2 /ha and total density of 1.5 anthills/ha for Atta sexdens rubropilosa, probably the lowest density due to the fact that the plots used were controlled in the previous year (Zanuncio, Lopes, Zanetti, & Couto, 2002) . The high anthill density values, and loose soil observed in this study were possibly caused by a lack of control in the plots, or ineffective control.
Zanetti, Jaffé, Vilela, Zanuncio, and Leite (2000) observed similar behavior with a density of 412.83 anthills in Eucalyptus spp. forests, in João Pinheiro, Minas Gerais, where class I presented 75.5% of anthills found and class V, only 2.4%. Silva and Ukan (2015) , identifying the species of leafcutter ants in a forest plantation of Eucalyptus benthamii in the city of Irati/PR, noted the predominance of anthills of classes II and III, or anthills that were already installed in the area for some time.
The results found by Silva and Ukan (2015) coincide with those found by Nickele, Reis Filho, Oliveira & Iede, (2009) , evaluating the spatial distribution of Acromyrmex crassispinus (forel) in Pinus taeda plantations in an area with planting more than three years old where the predominance of anthills of classes II and III occurred. Only two anthills were found in the area possessed dimensions apparently larger than 1 m².
The age of adult Atta sexdens nests can be estimated by the area of loose soil of the same, since Atta sexdens rubropilosa anthills presented about 10 m 2 of loose soil area after two years of its establishment (Hernández et al., 1999) . In this plot (III), as previously mentioned, control was not performed, because there are many adult anthills over three years of age. But remained as the previous ones, with the highest concentration of anthills in class I, plot IV showed a high number of anthills in class V.
This size distribution behavior of leafcutter anthills seems to be the normal pattern for this genus, in which a large number of winged ants is generated and scattered over long distances by the wind, to vacant places for colonization. Leafcutter ants reduce the productivity of wood between 0.04 to 0.13 m 3 ha -1 for each m 2 of loose soil area caused by anthills, depending on the site cultivated with eucalyptus in Atlantic Forest areas, which results in an economic damage level between 13.4 to 39.2 m 2 ha -1 (Zanetti, Souza, & Calegario, 2011) . Hernandez and Jaffe (1995), concluded that densities above 30 anthills/ha of Atta laevigata in Pinus caribae in the Venezuelan Savannah can reduce wood production by more than 50%.
Zanetti, Zanuncio, Mayhé-Nunes, Medeiros, and Souza-Silva (2003) found that anthill densities with an area equal to 2.76 m 2 /ha of loose soil reduce by 0.87% the volume of Eucalyptus spp. wood in commercial plantations in the Cerrado. This resulted in an estimated economic damage of between 7.02 and 34.86 m 2 ha -1 .
The distribution of aggregate type anthills was observed in this study. According to Roglin, Sousa, Pinto, Koehler and Ferronato (2013) , the distribution of aggregate may result from the distribution of microhabitats for mutualistic interactions or mother colony ramifications because the heterogeneity of the environment influences it, in order for the aggregation of nests to occur.The aggregate distribution was also observed in surveys conducted by Ramos, Forti, Andrade, Noronha, and Silva Camargo (2008) in colonies of Atta sexdens rubropilosa and Atta laevigata in Eucalyptus plantations. However, they differ from observations made by Nickele, Oliveira, Reis Filho, Iede, and Ribeiro Rodrigo (2010) , which found random distribution for Acromyrmex spp. anthills in Pinus plantations.
The aggregate spatial distribution for leafcutter ants of the Atta genus was reported by Lasmar et al. (2012) evaluated the use of geostatistics to determine the spatial rate, distribution and infestation of leafcutter anthills in Eucalyptus spp. where the spatial distribution of the same was aggregated.
In all plots evaluated, a tendency where the highest concentration of anthills were found near the edges of the plots was observed. A fact confirmed by Ramos et al. (2008) in Eucalyptus sp. forests in the state of Santa Catarina. Zanuncio et al. (2002) studied the spatial distribution of Atta sexdens rubropilosa anthills in Eucalyptus urophylla plantations and found that 29.3% of anthills were located in the first 10 meters from the edge of the plots.
Thus, in this study we observed: in the sampled areas, the predominance of only one species of leafcutter ants was observed: Atta sexdens rubropilosa. Most anthills found presented 1 m 2 of loose soil, but the total of loose soil found in the plots was 2950.25 m 2 and an average of 42.41 anthills/ha. The Dispersion Index (ID) and Morisita Index (Iб) showed an aggregated spatial distribution of Atta sexdens rubropilosa for all flots evaluated.
